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Method and Apparatus for Detecting and Processing Noisy 
Edges in Image Detail Enhancement 

By 

XIANGLIN WANG 
5 and 

YEONG-TAEG KIM 

Field of the Invention 
The present invention relates to image detail 
10 enhancement, and in particular, to image detail enhancement 
to improve the sharpness of an image. 

Background of the Invention 

Image detail enhancement is frequently used in digital 
15 video systems such as digital television sets. A goal of 
image detail enhancement is to improve the image sharpness. 
As such, image high frequency components that contain image 
details are extracted, enhanced and added back to the 
original image so that the details in the processed image 
20 become more obvious to a viewer. 

FIG. 1 shows a block diagram of a conventional image 
detail enhancement system 10, also known as unsharp masking. 
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An original image / is passed through a low pass filter 
(LPF) 12 to obtain an image /, (unsharp signal), wherein the 
image is subtracted from the original image / in a node 
14, to obtain the difference {f-fx)^ The difference (f-fx) 
5 is then boosted by a factor of K (K>0) in a multiplier 16, 
before being added back to the original image / in a node 
18, to generate an enhanced output image g. The 
relationship between the output signal g and the input 
signal / can be expressed as: 

10 g=(f-ArK-^f (1) 

The low pass filter 12 can be either a one dimensional 
(ID) filter or a two dimensional (2D) filter. If it is a ID 
filter, the detail enhancement process can be performed 
15 along the horizontal and vertical directions separately. 

A shortcoming of such conventional image detail 
enhancement systems is that in addition to enhancing image 
details, image noise may also be enhanced. Typically image 
20 noise consists of high frequency, and as such it is 
extracted and boosted during such detail enhancement 
processes . 
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To control noise in detail enhancement, some 
conventional detail enhancement systems apply a coring 
function to the extracted high frequency component (/-/i). 
FIG. 2 shows a block diagram of such a detail enhancement 
5 system 20 further including a coring block 22, wherein the 
relationship between the output signal g and the input 

signal / can be expressed as: 

g^K^coring{f-f,)^f (2) 



10 Different coring functions can be utilized, and an 

example coring function can be: 

fO if|x|<r 
coring{x) = \ , ^ (3) 

Basically, the example coring function truncates small 
15 amplitude input values of x to 0 and leaves large amplitude 
value of X unchanged. A threshold value T is used to check 
the amplitude value of x . A coring function is useful in 
preventing noise enhancement in a flat image area. This is 
because in a flat image area, the amplitude of (/-/i) is 
20 relatively low and may be truncated to 0 by the coring 
function, whereby noise in those areas is not boosted. 
However, for noise along image edge areas, a coring function 
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is not effective. 

Yet another conventional detail enhancement system that 
attempts to control noise^ utilizes checking the local 

5 variance at each pixel location and adjusts the enhancement 
gain accordingly (i.e., the enhancement gain is adaptively 
adjusted based on the local variance level) . FIG. 3 shows 
a block diagram of such a detail enhancement system 30 which 
includes a local variance checker 32. The variance checker 

10 32 checks the local variance around a current pixel, wherein 
a parameter a(0<a<l) is generated based on the variance 
level. The higher the local variance value, the larger the 
value of a . The relationship between the output signal g 
and the input signal / can be expressed as: 

15 g = (/-/i)*^*^ + / (4) 

Such a system also helps prevent noise in a flat image 
area from being enhanced. In a flat image area, local 
variance level is low and therefore a has a small value. 
20 As a result, according to relation (4), flat image areas are 
not much enhanced and noise is not boosted substantially.^ 

However, a shortcoming of the above detail enhancement 
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systems is that neither system can prevent noise enhancement 
around image edge areas. When noise around image edge area 
is enhanced, it can have very undesirable results. FIG. 4 
shows an example of noise enhancement around image edge 

5 areas, by a detail enhancement process. FIG. 4(a) shows 
the original image with noise, and FIG. 4(b) shows the 
detail enhanced image. In this example, both a coring 
function and local variance checking are used in the detail 
enhancement process to suppress noise. However, it can be 

10 seen in FIG. 4(b) that noise around image edge areas is 

still substantially enhanced (each small rectangular block 
in FIG. 4 is size of a pixel) . Such poor results 
(artifacts) are especially obvious for sharp image edges 
having a horizontal or vertical direction. For a slant 

15 image edge, such artifacts are less visible. 

There is, therefore, a need for a method and system for 
detecting and processing noisy edge in an image detail 
enhancement process so that noise enhancement around edge 
areas is virtually eliminated. 

20 

Brief Summary of the Invention 

The present invention addresses the above needs. In 
one embodiment the present invention provides a method and 
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system that detects image pixels of noisy and sharp 
(horizontal or vertical) image edges, and enhances these 
pixels differently than other pixels, so that noise around 
the detected pixels is essentially not boosted. In one 

5 example, the detection process is conducted on a pixel 
basis, wherein each pixel is checked together with its 
neighboring pixels inside a rectangular window centered 
around a selected/current pixel. To determine whether the 
current pixel belongs to a noisy and sharp vertical image 

10 edge, three columns of pixels centered with the current 
pixel are used. The mean value and variance value of the 
pixels in each column are calculated. Based on the three 
mean values and the three variance values, it can be 
determined if the current pixel is a pixel in a noisy and 

15 sharp vertical edge. Similarly, the current pixel can be 
checked to determine if it is a pixel in a noisy and sharp 
horizontal image edge. 



After such a checking process, the current pixel can be 
20 classified as one of the following three cases: (1) a 

regular pixel, (2) a pixel in a noisy and sharp vertical 
image edge, or (3) a pixel in a noisy and sharp horizontal 
image edge. If the current pixel is classified as a 
regular pixel, image detail enhancement is performed 
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normally at the current pixel location. In this case, an 
unsharp signal at the location of the current signal is 
obtained by applying a LPF to the original image pixels. 
Otherwise, mean values of pixels in a rectangular window 

5 centered with the current pixel are used to calculate the 
unsharp signal. If the current pixel is classified as a 
pixel in a noisy and sharp vertical edge, then a pixel mean 
value for each column of the rectangular window is 
calculated. If the LPF is a ID filter, then an unsharp 

10 signal can be obtained by simply applying the LPF to the 

pixel mean values. However, if the LPF is a 2D filter, then 
an unsharp signal can be obtained by applying the LPF to a 
2D data array having the same size as the rectangular 
window. Each column of the data array is filled with the 

15 pixel mean value of the corresponding column of the 

rectangular window. The unsharp signal is then processed as 
in the case of the regular pixels above, to obtain a detail 
enhanced image. 

20 The enhancement can be performed in a symmetrical manner 

when the current pixel is classified as a pixel in a noisy 
and sharp horizontal edge. Through such a processing, 
according to the present invention, noise around horizontal 
or vertical image edges can be effectively suppressed in the 
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detail enhancement process, without sacrificing enhancement 
of other image details (pixels). Other objects, features 
and advantages of the present invention will be apparent 
from the following specification taken in conjunction with 
5 the following drawings. 

Brief Description of the Drawings 

FIG. 1 shows a block diagram of a conventional detail 

enhancement system; 
10 FIG. 2 shows a block diagram of another conventional 

detail enhancement system which includes a coring 

function block; 

FIG. 3 shows a block diagram of another conventional 

detail enhancement system which includes a local variance 
15 checking block; 

FIG. 4 (a) shows an example original image with 

vertical image edges, and FIG. 4(b) is a detail enhanced 

version of the image in FIG. 4(a) using conventional 

detail enhancement systems; 
20 FIG. 5 is an example block diagram of an embodiment of 

a detail enhancement system according to the present 

invention; 

FIG. 6 shows pixels inside an example rectangular 
window, wherein the pixels are used in detecting if a 
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selected/current pixel is in a noisy and sharp vertical 
image edge; 

FIG. 7 is an example flowchart of an embodiment of a 
process of checking whether a current pixel belongs to a 
noisy and sharp vertical image edge, according to the 
present invention; 

FIG. 8 is an example diagram showing neighboring 
pixels in a Wj- by Hy rectangular window centered with 

the current pixel, wherein these pixels are utilized to 
obtain an unsharp signal when the current pixel is 
detected as being in a noisy and sharp vertical edge 
area; 

FIG. 9 shows an example 2D data array that can be used 
to obtain an unsharp signal when the current pixel is 
detected as being in a noisy and sharp vertical edge 
area; and 

FIG. 10(a) shows an example original image with 
vertical image edges, and FIG. 10(b) is a detail enhanced 
version of the image in FIG. 10(a) using a detail 
enhancement process according to the present invention. 

Detailed Description of the Invention 

Referring to the example functional block diagram in 
FIG. 5, in one embodiment the present invention provides a 
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detail enhancement system 500 that detects image pixels of 
noisy and sharp (horizontal or vertical) image edges, and 
enhances these pixels differently than other pixels, so that 
noise around the detected pixels is essentially not boosted. 

5 In one example, the detection process is conducted on a 

pixel basis, wherein each pixel is checked together with its 
neighboring pixels inside a rectangular window centered 
around a selected/current pixel. To determine whether the 
current pixel belongs to a noisy and sharp vertical image 

10 edge, three columns of pixels centered with the current 
pixel are used. The mean value and variance value of the 
pixels in each column are calculated. Based on the three 
mean values and the three variance values, it can be 
determined if the current pixel is a pixel in a noisy and 

15 sharp vertical edge. Similarly, the current pixel can be 
checked to determine if it is a pixel in a noisy and sharp 
horizontal image edge. 

After such a checking process, the current pixel can be 
20 classified as one of the following three cases: (i) a 

regular pixel, (ii) a pixel in a noisy and sharp vertical 
image edge, or (iii) a pixel in a noisy and sharp horizontal 
image edge. If the current pixel is classified as a regular 
pixel, image detail enhancement is performed normally at the 
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current pixel location. In this case, an unsharp signal is 
obtained by applying a LPF to the original image pixels. 

Otherwise, if the current pixel is classified as a pixel 
5 in a noisy and sharp vertical edge, mean values of pixels in 
a rectangular window centered with the current pixel are 
used to calculate the unsharp signal (a pixel mean value for 
each column of the rectangular window is calculated) . If 
the LPF is a ID filter, then an unsharp signal can be 
10 obtained by simply applying the LPF to the pixel mean 
values. However, if the LPF is a 2D filter, then an 
unsharp signal can be obtained by applying the LPF to a 2D 
data array having the same size as the rectangular window. 
Each column of the data array is filled with the pixel mean 
15 value of the corresponding column' of the rectangular window. 
The unsharp signal is then processed as in the case of the 
regular pixels above, to obtain a detail enhanced image. 

The enhancement can be performed in a symmetrical manner 
20 when the current pixel is classified as a pixel in a noisy 
and sharp horizontal edge. Through such a processing, 
according to the present invention, noise around horizontal 
or vertical image edges can be effectively suppressed in the 
detail enhancement process, without sacrificing enhancement 
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of other image details (pixels) . 

As shown in FIG. 5, the detail enhancement system 500 
includes a Noisy Edge Pixel Detector (^^PD'') 510, a first 

5 switch 520, a Normal Detail Enhancement block ('"NDE") 530, 
a Detail Enhancement block for Noisy Pixels in Vertical 
Edges C'VDE") 540, a Detail Enhancement block for Noisy 
Pixels in Horizontal Edges (^'HDE'') 550, and a second switch 
560. The input to the detail enhancement system 500 is an 

10 original image f, and the output of the detail enhancement 
system is a detail enhanced image g. 

The PD 510 determines whether a selected/current image 
pixel is a pixel in a noisy and sharp horizontal or 

15 vertical image edge, and generates a corresponding control 
signal indicating that the pixel classification/status is 
either: (i) a regular pixel, (ii) a pixel in a noisy and 
sharp vertical image edge, or (iii) a pixel in a noisy and 
sharp horizontal image edge. The two switches 520, 560 are 

20 both controlled by the output control signal from the PD 

510. The two switches 520, 560 are synchronized with each 
other, wherein depending on the output from the PD 510 
{representing the pixel status), one of the corresponding 
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detail enhancement block/modules NDE 530, VDE 540 or HDE 

550 is selected for enhancing the current pixel. 

The PD 510 determines the pixel status on a pixel-by- 
5 pixel basis, wherein each selected/current pixel is checked 
together with its neighboring pixels that reside in a 
rectangular window defined in the original image, wherein in 
the example described herein the window is centered with the 
current pixel. The following description is for the process 
10 of checking if a current pixel belongs to a noisy and sharp 
vertical image edge. As those skilled in the art will 
recognize, the process can be performed in a symmetrical 
fashion for the case of horizontal image edges. 

15 FIG. 6 shows a diagram representing a window 600 

including pixels 610, wherein the window 600 is centered on 
a selected/current pixel 620, for checking whether the 
current pixel 620 is in a noisy and sharp vertical image 
edge. FIG. 7 shows an example flowchart of the steps of a 

20 process implemented in an embodiment of the PD 510 for 
checking whether the current pixel 620 belongs to a noisy 
and sharp vertical edge, according to the present invention. 
A number W of columns of image pixels, having a number of 
H pixels in each column, are utilized (step 700). As shown 
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in FIG. 6, the current pixel 620 is represented as a circle 
with a cross inside, and the hollow circles 610 represent 
neighboring samples/pixels of the current pixel 620. In 
this example ¥1 =3 and H = 5 , however, H and W may be 

5 other (odd) integers. Each pixel 610 inside the window 600 
is denoted as Pij , wherein / and ; represent the window row 
and column index for the corresponding pixel, respectively. 
The luminance value of p,j is denoted as 1^. As the window 
600 is centered on the current pixel 620, the row and column 

10 index for the current pixel 620 (denoted as po,o) are 0 as 
indicated in FIG. 6. 

To determine whether the current pixel 620 is in a noisy 
and sharp vertical image edge, in step 710 the PD 610 
15 calculates the mean value m and variance value <t of the 
pixels in each of the three columns in the window 600 using 
examples relations (5) and (6), respectively, wherein: 

n . H-i 
, _ 

20 Based on the three mean values and the three variance 

values calculated above, then the PD 510 in steps 720, 730 
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checks the following conditions (7) and (8), respectively, 
to determine whether the current pixel 620 belongs to a 
sharp vertical edge, wherein: 

\mQ-mj |>max(c7o,cr^) y ="lorl (7) 
5 max(|mo-mi Uwo-m_, \)>T^ (8) 

where is a predetermined threshold value. Only if 
both conditions (7) and (8) are true, is the current pixel 
620 considered as a pixel in a sharp vertical edge. If 
condition (7) is false, then pixels in column 0 where the 

10 current pixel 620 resides, are not considered separable from 
the pixels in neighboring columns in terms of their 
luminance level, and the current pixel 620 is not considered 
a pixel in a vertical edge. If condition (8) is false, then 
the luminance change is not considered dramatic along the 

15 horizontal direction, indicating that, the vertical edge, if 
exists, is not sharp enough. 

If both conditions (7) and (8) are true, wherein the 
current pixel 620 is considered as belonging to a sharp 
20 vertical edge, then the vertical edge is checked below to 
determine if it is noisy. To do so, in this example, first 
the PD 510 generates a two-dimensional binary pattern 
including data values hi^j , wherein row and column indices 



16 



SAM2.0028 

i, J in the binary pattern are as used for the window 600. 
In this embodiment, the binary pattern including the data 
values bi^j is generated from the values of pixels in column 
0 of the window 600 (step 740) , using the relation: 

r 0 if/,,o<Wo . H-\ ^ H-l 
[ 1 if 0 > Wo 2 2 



such that, in total, there are H such binary pattern 
data in column 0. Then, neighboring binary pattern data are 
checked to determine whether they have the same or different 
10 values. To do so, a counter variable N is updated to count 
the number of neighboring binary pattern data that vary 
from each other (step 750), wherein: 

N= 2:i6,o-6.uol (10) 

H-\ 

/= 

2 

The counter variable N can also be equivalently defined 
15 with an exclusive OR operation as follows: 

N= T.(Ko®Kuo) (11) 

■ H-\ 
2 

wherein the symbol © represents exclusive OR operation 
on binary data. 

20 According to the relations (10) and/or (11) above, the 
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value range of N is [0,H-\], wherein the value of the 
counter variable N indicates if the vertical edge is noisy. 
For a ''clean" vertical edge, N is expected to have a small 
value, and for a "noisy" vertical edge, A^is expected to 

5 have a relatively large value. A simple example of 

determining if the current vertical edge is noisy or not, is 
to define a threshold value 7;, (0<T^ <H-\) and to compare 
the value of N with (step 760). If the value of N is 
less than , then the vertical edge which includes the 

10 current pixel 620 is considered as a clean edge (step 770) . 
Otherwise, the current pixel 620 is considered as belonging 
to a noisy and sharp vertical edge (step 780) . 

As such, if according to the above process the PD 510 
15 determines that the current pixel 620 is a regular pixel, 
the current pixel 620 can be enhanced normally in the NDE 
530 (FIG. 5) which implements a detail enhancement system 
such as shown in one or more of FIGS. 1-3. Otherwise, 
depending on the detected pixel status as either a pixel in 
20 a noisy and sharp vertical image edge, or a pixel in a noisy 
and sharp horizontal image edge, the current pixel 620 is 
enhanced by the VDE 540 or the HDE 550, respectively. 
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As noted, the description herein provides an example of 
a detail enhancement process in the VDE 540 when the current 
pixel is in a noisy and sharp vertical image edge. A 
similar process can be implemented in the HDE 550, as those 
5 skilled in the art will appreciate. 

FIG. 8 shows an example diagram of a by Hf 
rectangular window 800 in the original image, wherein the 
window 800 includes pixels 810 and is centered with the 

10 current pixel 820. In this example, both and Hf are 
odd number values. If the current pixel 820 is detected 
as being in a noisy and sharp vertical edge area by the PD 
510, then at least a plurality of the pixels 810 in the 
window 800 are utilized to obtain an unsharp signal at the 

15 location of pixel 820. In one embodiment of detail 
enhancement process in the VDE 540, a plurality of 
neighboring pixels 810 in the window 800 are utilized to 
obtain the unsharp signal fi using a low pass filter (LPF) . 
If the LPF is a ID filter with an odd number of filter 

20 taps, then Wj- can be set equal to the length of the filter. 
And, if the LPF is a 2D filter, then Wy and can be set 
equal to the horizontal length and vertical length of the 
filter, respectively. 
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In one implementation of said enhancement process in the 
VDE 540, the pixel mean value of each column in the 
rectangular window of FIG. 8 is calculated as: 

I^j represents the luminance value of Pfj. The unsharp 
signal /, is then calculated by applying the LPF to the mean 
values. If the LPF is a ID filter with a length of , the 
normalized filter coefficients are represented as 

w -\ W -\ 
h.,j = ^ ,"-,0-",— , then the LPF filter is applied to 

the mean values Mj,j= y-,"*,0-",^^ through a 

convolution operation as follows: 

»V-i 

J= (13) 
The filter output J represents the unsharp signal /, . 

Otherwise, if the LPF is a 2D filter, then a 2D data 
array 900 such as shown by example in FIG. 9 is generated, 
wherein the data array is the same size as the rectangular 
window shown in FIG. 8. As mentioned above, Wj- and can 

20 
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be set equal to the horizontal length and vertical length 
of the filter, respectively. Each column of the data array 
in FIG. 9 includes the pixel mean values of each 
corresponding column of the rectangular window shown in 
FIG. 8. As such;, in the data array 900 of FIG- 9, the 
data values in column 0 all have a value of M^, the data 

values in column — all have a value of _^ , and so on 

As such, in general, the data values in column j of the 
data array 900 all have a value of Mj , where 

y = — — . Assuming the normalized coefficient 

of the 2D FIR filter are 

^,-.-,0-",-^— , y = -^— ,...,0...,-^, the 2D filter 

can be applied to the 2D data array in FIG. 9 through a 
convolution operation as follows: 

•^=1; t(Mj*h.,.j) (14) 

2 2 

The filter output J represents the unsharp signal . 



21 



SAM2.0028 

Once the unsharp signal /j is obtained, the remaining 
steps of the detail enhancement process in the VDE 540 are 
the same as that for the regular pixels in the NDE 30, 
described above. 

5 

According to the detection and processing explained 
above, noise around sharp horizontal or vertical image edge 
can be effectively suppressed in detail enhancement 
processes- An enhancement result according to an embodiment 

10 of the present invention is shown in FIG. 10, wherein FIG. 
10(a) shows an original image (same as that in FIG. 4(a)), 
and FIG. 10(b) shows the enhanced images using the detection 
and processing steps according to the present invention. 
Comparing the result in FIG. 10(b) with the original image 

15 in FIG. 10(a), it can be seen that the noise around the 

enhanced edge is not boosted. Comparing the result in FIG. 
10(b) with the result in FIG. 4(b), there is an obvious 
suppression of noise around image edge area. 

20 Although the description above refer to the case for a 

vertical image edge, as those skilled in the art recognize, 
the detection and processing for a pixel on a noisy and 
sharp horizontal edge can be performed in a symmetrical 
manner. For example, detecting if a current image pixel 
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belongs to a horizontal image edge, includes the steps of: 
selecting at least H rows of pixels centered with the 
current pixel, wherein each row includes W pixels; 
determining the mean value of the pixels in each row, 

5 thereby generating H mean values; determining the variance 
value of the pixels in each row, thereby generating H 
variance values; and based on the H mean values and the H 
variance values, determining if the current pixel belongs 
to a horizontal image edge (e.g., using a threshold value 

10 in a manner similar to that described above and shown in 
FIG. 7 for a vertical edge) . 



The mean values are determined according to the 
relation: 

15 m,=-l ^/,, , / = -l,0,l, (15) 

7=-— 

and the variance values are determined according to 
the relation: 




(16) 
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where l^j is the luminance value of a pixel p.j located 
at row / and column j in the window, such that the row and 
column index of the current pixel is 0, 

Detecting if the current pixel belongs to a horizontal 
image edge, further includes determining if: 

I/Wq ~wJ>max(cro,(7j , / = -lorl; (17) 
and determining if: 

max(| Wo - /Wi |,| - /w_J) > T; ; { 18 ) 

where is a predetermined threshold value. 

If both the above conditions (17) and (18) are true, 
then the current pixel is considered as a pixel in a 
horizontal image edge. If the selected pixel is 
determined to belong to an image edge, then determining if 
the horizontal edge is noisy. 

In one example, checking if the horizontal edge is 
noisy further includes the steps of generating a binary 
pattern data b^j from pixels in row 0 of said window 
according to the relation: 

"- = 1. -/lU:, J'-— -A-—: (19, 
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and based on the binary pattern data, generating a 
count N of the number of neighboring binary pattern data 
that vary from each other according to the relation: 



2 



^= S\y-\y..l; (20) 



and then comparing the count N to a predetermined 
threshold value: 

7; , 0<7;<r-l; (21) 
such that if the count N is not less than T^j, then the 
10 edge is considered as noisy. 



Relation (20) above can be substituted with the 
following equivalent relation: 

15 N= Z(^,y®*o,,>i); (22) 

iv-\ 

To generate unsharp signal, pixels in a by 

rectangular window centered with the current pixel are 
used. As noted, if the image edge direction is horizontal, 
20 then determining the mean values of the pixels in each row 
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of the window, wherein there are a total of Hj such mean 

values. Then, a filtering process is performed using a low 
pass filter (LPF) on the mean values to obtain an unsharp 
image signal at the selected pixel location. If the LPF is 
5 a ID filter, then //y is set equal to the length of the LPF, 
and the LPF is applied to the mean values to obtain the 
unsharp signal. If the LPF is a 2D filter, then Wj- and 

Hj are set equal to the horizontal and vertical length of 
the LPF, respectively. A two-dimensional data array of the 
10 size Wj^ and //^ is then generated, wherein the data in each 
row of the array are all set to the corresponding pixel 
mean value of the same row in the Wj- and Hj window of 

neighboring pixels. Then the LPF is applied to the data 
. array to obtain the unsharp signal. The unsharp signal is 
15 then boosted and added back to the original signal as 
described above in relation to the vertical edges. 

Further, although the example method and system herein 
20 are described for detecting and processing pixels in noisy 
and sharp horizontal and vertical image edges in image 
detail enhancement so that noise at those pixel locations is 
not boosted, those skilled in the art will recognize that 
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the idea of the present invention may also be extended to 
detecting and processing pixels in noisy and sharp image 
edges that are not horizontal or vertical. 

5 While this invention is susceptible of embodiments in 

many different forms, there are shown in the drawings and 
will herein be described in detail, preferred embodiments of 
the invention with the understanding that the present 
disclosure is to be considered as an exemplification of the 

10 principles of the invention and is not intended to limit the 
broad aspects of the invention to the embodiments 
illustrated. The aforementioned detail enhancement system 
500 according to the present invention can be implemented in 
many ways, such as program instructions for execution by a 

15 processor, as logic circuits, as ASIC, as firmware, etc., as 
is known to those skilled in the art. Therefore, the 
present invention is not limited to the example embodiments 
described herein. 

The present invention has been described in 
20 considerable detail with reference to certain preferred 
versions thereof; however, other versions are possible. 
Therefore, the spirit and scope of the appended claims 
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should not be limited to the description of the preferred 

versions contained herein. 
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